The fungus Phaeosphaeria spartinae is an endophyte of the marine alga Ceramium sp. Investigation of this marine-derived fungus led to the isolation of the new natural products spartinol A (1), B (2), C (3) and D (4). The structures of these closely related compounds were established from extensive spectroscopic investigations. Compound 3 showed weak inhibition of human leukocyte elastase (HLE).
Organisms from the marine habitat, including marine microorganisms, represent an important source of structurally diverse natural products [1] . In the search for novel secondary metabolites from microbes, we have focused on fungi associated with marine algae [2] . Associations between micro-and macroorganisms are a prominent feature of marine ecosystems [3] [4] [5] .
Screening of fungal strains isolated from the inner tissue of algae directed our attention to the fungus Phaeosphaeria spartinae. To date, there is no reported work on this species. As part of our screening program for novel and biologically active natural products from marine-fungal origin, this paper reports on the isolation and structure elucidation of four new polyketides from P. spartinae, which have been named spartinol A, B, C and D. Compound 3 (spartinol C) showed weak inhibitory activity towards human leukocyte elastase (HLE).
HLE is a serine protease responsible for the cleavage of elastin, an elastic protein in connective tissues. It is believed that excessive activity of this enzyme plays a role in diseases such as pulmonary emphysema, rheumatoid arthritis, and cystic fibrosis [6, 7] . Thus, HLE inhibitors are of considerable therapeutic interest. To date, recombinant endogenous elastase inhibitors are already available (for example, secretory leukocyte proteinase inhibitor or α1-proteinase inhibitor). Sivelestat, a sulfonamide, is the only synthetic inhibitor that has reached the clinical market [8, 9] .
The molecular formula of compound 1 was deduced by accurate mass measurement (HRESIMS, 343.1860 (M+Na) + ) to be C 19 H 28 O 4 . The 13 C NMR spectrum ( Table 1 and Figure S2 in supplementary data) disclosed 19 resonances resulting from three methyl groups (δ c 12.0 for C-1, δ c 19.0 for C-18, and δ c 20.4 for C-19), one sp 3 methylene group (δ c 30.3 for C-2), eight sp 2 methine groups (δ c 141.6 for C-4, δ c 129.7 for C-5, δ c 133.8 for C-6, δ c 130.9 for C-7, δ c 132.8 for C-8, δ c 134.3 for C-9, δ c 130.0 for C-11, and δ c 130.9 for C-12), six sp 3 methine groups (δ c 39.3 for C-3, δ c 44.1 for C-10, δ c 73.6 for C-13, δ c 76.3 for C-14, δ c 53.7 for C-15, and δ c 75.4 for C-17), and one sp 2 quaternary carbon atom (δ c 214.7 for C-16).
The 1 H NMR spectrum (Table 1 and Figure S1 in supplementary data) is characterized by three signals due to methyl groups (δ H 0.81 for H 3 -12) are incorporated into four double bonds. The UV spectrum displayed an absorption band with a maximum at 271 nm indicating an extended conjugated system. The IR spectrum showed a broad OH stretching vibration at 3395 cm -1 , due to free, non-chelated hydroxyl groups, and at 1699 cm -1 for the carbonyl group at C-16.
The 1 H-1 H COSY spectrum showed two 1 H-1 H spin systems. The first one included H-17 and H 3 -18, and the second one comprises a continuous chain of proton couplings from H 3 -1 to H-15 (Table 1) . CH 3 -19 is bound to CH-3 due to their cross peak correlations in both 1 H-1 H COSY and 1 H-13 C HMBC spectra. The molecular formula C 19 H 28 O 4 requires the presence of six degrees of unsaturation, five of which have been accounted for by four double bonds (Δ 4,5 , Δ 6,7 , Δ 8,9 , and Δ 11, 12 ) and the one carbonyl group (C-16); thus, compound 1 must be monocyclic. The cyclization occurs between C-10 and C-15, as evident from cross peak correlations in both the 1 H-1 H COSY and 1 H-13 C HMBC spectra ( Figure 2 ). The 13 C NMR chemical shifts of C-1 to C-9 are close to identical to those of the corresponding resonances of neocarzilin A [10] [11] [12] (Figure 3 ), which shows the same structural features as the non polar side chain of compound 1. The 13 C NMR chemical shifts of the cyclohexene moiety closely match those of arthropsatriol B [13] , which shares with 1 the identical cyclohexene substructure ( Figure 3 ). By comparing with published data of similar compounds, the δ C of C-13 (δ C 73.6 ppm) is close to that in arthropsatriol B (δ C 72.9 ppm), but not to that in arthropsatriol A (δ C 65.9 ppm), which suggests that the configuration at C-13 is S*, as in arthropsatriol B (Figure 3 ). The relative configuration at C-10, C-14 and C-15 is S*, S* and R*, respectively. We propose the trivial name spartinol A for 1.
The HRESIMS, UV, IR and NMR spectral data ( Table 2 and supplementary data figures S10-S14) indicated a close structural similarity of compound 2 to that of 1. The only difference was that compound 2 has the carbonyl group at position 17 and the hydroxyl group at C-16. This was deduced from the chemical shifts of CH 3 -18 (δ H/C 2.09, 26.4), which are more downfield shifted compared with those of compound 1 (δ H/C 1.19, 19.0). Also, the 1 H NMR resonance of H 3 -18 in 2 is a singlet and the 1 H-13 C HMBC spectrum showed that the hydroxyl bearing carbon C-16 is located next to the cyclohexene ring. Regarding the chiral centres C-10, C-13, C-14 and C-15, the relative stereochemistry of compound 2 is identical to that of compound 1 based on the 1 H-1 H J values and 2D 1 H-1 H NOESY correlations. We propose the trivial name spartinol B for compound 2.
The HRESIMS, UV, IR, and NMR spectral data ( Table 3 and supplementary data figures S15-S20) indicated a close structural similarity of compound 3 to those of compounds 1 and 2, the only difference being that 3 does not contain a carbonyl group (Figure 1) . Instead, C-16 and C-17 are both hydroxylated, as evident from their 13 C NMR chemical shifts (δ C 75.2 and 69.0, respectively). Regarding the chiral centres C-10, C-13, C-14 and C-15, the relative stereochemistry of compound 3 is identical to that of compound 1, based on the 1 H-1 H J values and 2D 1 H-1 H NOESY correlations. We propose the trivial name spartinol C for compound 3.
Compound 4 has a molecular mass of 292, according to LC-MS analysis. It shares with compounds 1-3 the C-1 to C-15 part of the structure, but differs concerning the side chain at C-15. Due to a 13 C NMR resonance at δ C 174.1 and an IR absorption at 1716 cm -1 , compound 4 contains a carboxyl function, which is attached to C-15. As judged from 13 C NMR chemical shifts, 1 H-1 H J values and the common biosynthetic origin of 1-4, the relative stereochemistry of compound 4 at C-10, C-13, C-14 and C-15 is identical to that of compound 1. We propose the trivial name spartinol D for compound 4.
Biological activity: Compound 3 showed weak inhibition of HLE with an IC 50 value of 17.7 ± 2.48 μg/mL ( Figure S20 of supplementary data).
Compounds 1 and 2 showed no activity. Compounds 1 -3 showed no cytotoxic activity towards a panel of 36 cancer cells at concentrations of 1 µg/mL and 10 µg/mL. 1466 Natural Product Communications Vol. 4 (11) 2009 Fahmi Elsebai et al. 
Origin of the algal sample and isolation and taxonomy of the fungus:
An algal sample belonging to the genus Ceramium was collected from the North Sea, Büsum, Germany. The isolation of the fungus was carried out using an indirect isolation method. Algal samples were rinsed three times with sterile H 2 O. After surface sterilization with 70% EtOH for 15 s the alga was rinsed in sterile artificial seawater (ASW) [14] . Subsequently, the algae were aseptically cut into small pieces and placed on agar plates Polyketides from Phaeosphaeria spartinae Natural Product Communications Vol. 4 (11) 2009 1467 containing isolation medium: agar 15 g/L, ASW 800 mL/L, glucose 1 g/L, peptone from soy meal 0.5 g/L, yeast extract 0.1 g/L, benzyl penicillin 250 mg/L, and streptomycin sulfate 250 mg/L. The fungus growing out of the algal tissue was separated on biomalt medium (biomalt 20 g/L, agar 10 g/L, ASW 800 mL/L) until the culture was pure.
The fungal strain number 717 was identified by Dr C. Decock, BCCM/MUCL, Belgium, as Phaeosphaeria spartinae (Ellis et Everhart) Shoemaker C.E Babcock.
Cultivation: P. spartinae was cultivated for 40 days on 10 L solid Czapek-Dox medium (Becton Dickinson, France) with agar (15 g/L) at room temperature in 40 Fernbach flasks.
Extraction and isolation:
Fungal biomass and media were homogenized using an Ultra-Turrax apparatus and extracted with 8 L EtOAc to yield 10 g of crude extract. This material was fractionated by Si VLC using a stepwise gradient solvent system of increasing polarity starting from 20% acetone in light petroleum to 100% acetone, which yielded 28 fractions. RP-HPLC separation of the subfraction 19 (column: Phenomenex C 18 Luna-100, 250 x 10 mm, 5µm; MeOH/H 2 O (61:39), 2 mL/min) afforded compound 1 (10 mg), compound 2 (7 mg), and compound 3 (9 mg). RP-HPLC separation of subfraction 5 (column: Phenomenex C 18 Luna-100, 250 x 10 mm, 5µm; MeOH/H 2 O (66:34), 4.5 mL/min) afforded compound 4 (7 mg).
Biological activity: HLE inhibition assay: HLE was assayed spectrophotometrically at 405 nm at 25°C [15] . For the assay, 50 mM sodium phosphate buffer (500 mM NaCl, pH 7.8) was used. A stock solution of the chromogenic substrate, MeOSuc-Ala-Ala-Pro-Val-NHNp, was prepared in DMSO and diluted with assay buffer. An inhibitor stock solution (10 mg/mL) was prepared in DMSO. The final concentration of DMSO was 1.5%, and that of MeOSuc-Ala-Ala-Pro-Val-NHNp was 100 μM. Assays were performed with a final HLE concentration of 50 ng/mL. An inhibitor solution (10 μL) and the substrate solution (50 μL) were added to a cuvette that contained the assay buffer (890 μL), and the solution was thoroughly mixed. The reaction was initiated by adding the HLE solution (50 μL) and was followed over 10 min. IC 50 values were calculated from the linear steady-state turnover of the substrate. HLE inhibition by 3 was determined in duplicate experiments with inhibitor concentrations of 10, 15, 20, 25, and 30 µg/mL.
Spartinol A (1)
Yellowish brown amorphous powder (10 mg; 1 mg/L).
[α] 24 D : -72 (c 0.67, acetone). UV (MeOH) λ max nm (log ε): 232 (3.62), 271 (3.39 
